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REMARKS 

Applicants respectfully request reconsideration of the present application in view of 
the foregoing amendments and in view of the reasons that follow. The support for the present 
claim amendments come from the disclosure of the specification that show a comparison of 
the area of medial tissue of an injured blood vessel and a non-injured blood vessel, and the 
administration of an anti-TF antibody that inhibited the increase of the area of medial tissue. 
In other words, the inventors discovered that an anti-TF antibody inhibits the growth of the 
medial tissue of blood vessels. See, inter alia, Example 6 at pages 40-41 of the present 
specification. 



Claim Rejections - Anticipation 

US Patent No. 5,879,677 

Applicants traverse the rejection under 35 USC 102(b) over US Patent No. 5,879,677 
("US '677") for the following reasons. Applicants have amended the claims to recite the 
administration of an antibody to human tissue factor (human TF) to patients in need of the 
suppression of the growth of blood vessel tissues. There is nothing in US '677 that suggests 
the middle cerebral artery (MCA) occlusion nonhuman primate model is a model for a patient 
in need of the suppression of the growth of blood vessel tissues. Rather the baboon MCA 
occlusion model is a model for focal cerebral ischemia, which can be used to study 
reperfusion damage. See US '677 column 3, lines 29-48 and column 17, lines 24-29 and 
Fukuda and del Zoppo, Animal Models of Stroke and Rehabilitation, ILAR Journal V44(2) 
pages 96-104, 2003 appended hereto. The model involves the placement of a balloon in the 
middle cerebral artery to simulate an occlusion, which can result after stroke. See US '677 
column 17, lines 48-50 and Fukuda and del Zoppo Figure 1, page 100. Because the baboons 
of del Zoppo were not patients in need of the suppression of the growth of blood vessel 
tissues, del Zoppo cannot anticipate the present claims. 



WASH__1 526788.2 



-4- 



Atty. Dkt. No. 053466-0325 



Randolph et al (Blood, 1998) 

The examiner has pointed to page 4167, first column, second paragraph as evidencing 
"administration of anti-TF antibodies to chimpanzees and baboons could block LPS- 
medicated intravascular coagulation." The specific sentence in this paragraph reads as 
follows. "The central role of TF in septic shock is evident from findings that neutralizing 
monoclonal antibodies (MoAbs) to TF block LPS-meidated intravascular coagulation in 
chimpanzees and lethality in baboons after administration of LPS." As noted in this sentence, 
lipopolysaccharides (LPS) relate to septic shock, which is defined as shock usually produced 
by gram negative bacteria. See Merriam Webster's Medical Desk Dictionary, page 736, 
1996, appended hereto. Patients suffering from septic shock are a different class of patients 
than those in need of the suppression of the growth of blood vessel tissues. Therefore, 
Randolph cannot anticipate the present invention. 

US Patent No. 6,677,436 

As explained below, US Patent No. 6,677,436 does not qualify as prior art. The 
present application is a national phase application of an PCT/JP00/06802, filed September 29, 
2000, which claims priority to Japanese Applications 11-281843, 11-282120, 11-282134, 11- 
282167, 1 1-282188, and 1 1-282192, all of which were filed on October 1, 1999. Therefore, 
the present application has a filing date of September 29, 2000 based on the International 
Application and an earliest priority dated of October 1, 1999 based on the foreign priority 
applications. 

The outstanding rejection under 35 USC 102(e) was over US 6,677,436. US '436 
met the requirements of 35 USC 371 (c)(1), (2) and (4) on September 29, 2000 and was based 
on an international application filed on April 2, 1999, which is before November 29, 2000. 
Therefore, the 35 USC 102(e) date is September 29, 2000, the date the requirements of 35 
USC 371 (c)(1), (2) and (4) were met. See MPEP 706.02(f)(1). Since the September 29, 
2000 35 USC 102(e) date of US '436 is the same date as the filing of the present 
International Application, and later than the earliest priority dated of October 1, 1999, US 
'436 is not prior against the present application. 
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Accordingly, applicants respectfully request the withdrawal of the present prior art 
rejections. 



Applicants believe that the present application is now in condition for allowance. 
Favorable reconsideration of the application as amended is respectfully requested. The 
Examiner is invited to contact the undersigned by telephone if it is felt that a telephone 
interview would advance the prosecution of the present application. 

The Commissioner is hereby authorized to charge any additional fees which may be 
required regarding this application under 37 C.F.R. §§ 1.16-1.17, or credit any overpayment, 
to Deposit Account No. 19-0741 . Should no proper payment be enclosed herewith, as by a 
check being in the wrong amount, unsigned, post-dated, otherwise improper or informal or 
even entirely missing, the Commissioner is authorized to charge the unpaid amount to 
Deposit Account No. 19-0741 . If any extensions of time are needed for timely acceptance of 
papers submitted herewith, applicants hereby petition for such extension under 37 C.F.R. 
§1.136 and authorizes payment of any such extensions fees to Deposit Account No. 19-0741. 



Conclusion 



Respectfully submitted, 



Date March 20, 2006 




FOLEY & LARDNER LLP 
Customer Number: 22428 
Telephone: (202) 672-5300 
Facsimile: (202) 672-5399 



Matthew E. Mulkeen 
Attorney for Applicants 
Registration No. 44,250 
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Models of Focal Cerebral Ischemia in the Nonhuman Primate 

l ) 

Shunichi Fukuda and Gregory J. del Zoppo 



Abstract 

Ischemic stroke is a uniquely human disease syndrome. 
Models of focal cerebral ischemia developed in nonhuman 
primates provide clinically relevant platforms for investi- 
gating pathophysiological alterations associated with ische- 
mic brain injury, microvascular responses, treatment re- 
sponses, and clinically relevant outcomes that may be ap- 
propriate for ischemic stroke patients. A considerable 
number of advantages attend the use of nonhuman primate 
models in cerebral vascular research. Appropriate develop- 
ment of such models requires neurosurgical expertise to 
produce single or multiple vascular occlusions. A number of 
experimentally and clinically accessible outcomes can be 
measured, including neurological deficits, neuron, injury, 
evidence of non-neuronal cell injur)', infarction volume, 
real-time imaging of injury development, vascular re- 
sponses, regional cerebral blood flow, microvascular 
events, the relation between neuron and vascular events, and 
behavioral outcomes. Nonhuman primate models of focal 
cerebral ischemia provide excellent opportunities for under- 
standing the vascular and cellular pathophysiology of cere- 
bral ischemic injury, which resembles human ischemic 
stroke, and the appropriate study of pharmacological inter- 
ventions in a human relevant setting. 

Key Words: arterial occlusion; cerebral ischemia; mi- 
crovessel; neuron; nonhuman primage; stroke; transorbital 
outcomes 



Introduction 

f schemic stroke is a uniquely human disease syndrome. 
! Although elements of atheroma formation and vascular 
i injury have been induced in small animals, the develop- 
ment of cerebrovascular disease and thromboembolic events 
from the platform of arterial disease as in humans has so far 
not been consistently possible in other species. 

Animal models of ischemic or hemorrhagic stroke have 
offered mimics of the disease (e.g., single arterial occlusion 
with downstream ischemia) or disease elements (e.g., em- 
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bolism). Concerns have arisen about limitations in modeling 
the processes of focal cerebral ischemia that are still rel- 
evant (del Zoppo 1990a,b; Ginsberg and Busto 1989; Zivin 
and Grotta 1990). Rodent models offer much in versatility, 
cost savings, and utility for statistical analysis, but they have 
not generally translated testable interventions into clinical 
benefit (Ginsberg and Busto 1989; Zivin and Grotta 1990). 
In addition, although much benefit has been gained from the 
use of rodent models in understanding the effects of ische- 
mia on neuron function and survival (Astrup et al. 1981; 
Siesjo 1992), concerns about altered development in murine 
genetic constructs, species differences at all levels, and out- 
come measures (molecular, cellular, and behavioral), which 
do not reflect human cognates, are potential limitations to 
their use. 

Modeling of ischemic stroke in the nonhuman primate 
has addressed some of these concerns, including specific 
technical issues involved with the vascular anatomy of the 
brain and biological differences resulting from the phylo- 
genetic distance of smaller animals from humans. Indeed, 
genomic differences may in the future prove insurmount- 
able in allowing translation of experimental work to clinical 
intervention (Enard et al. 2002). Nonhuman primates used 
in stroke-related models provide opportunities for hypoth- 
esis testing and for translation to ischemic stroke intervention. 

In particular, the nonhuman primate has been central to 
the development of concepts or procedures currently valued 
in stroke research. These areas include measurements of 
regional cerebral blood flow (rCBF 1 ), the "ischemic peri- 
umbra," microvessel reactivity, cellular inflammation, con- 
tributors to focal "no-reflow" and infarction, and behavioral 
aspects of recovery (Abumiya et al. 1999; Astrup et at. 
1981; Branston et al. 1974, 1976, 1977, 1984; del Zoppo et 
al. 1986a, 1988a, 1990, 1991, 1992b; Garcia and Kamijyo 
1974; Garcia et al. 1971, 1983a,b; 1995b; Heo et al. 1999; 
Hosomi et al. 2001; Schmid-Schbnbein and del Zoppo 
1993). 

It has been suggested that interventional studies should 
be performed in primates before testing in human patients 
(STAIR 1999). However, this practice is unusual. Although 



'Abbreviations used in this article: ACA, anterior cerebral artery; Al, 
proximal segment of ACA; CT, computerized tomography; 1CA, internal 
carotid artery; LSA, lenticulostriate artery; MCA, middle cerebral artery; 
MCAO, middle cerebral artery occlusion; Ml, proximal segment of MCA; 
MRI, magnetic resonance imaging; PMN, polymorphonuclear; rCBF, re- 
gional cerebral blood flow. 
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' pharmacokinetic, pharmacodynamic, and toxicology studies 
routinely use primates, formal studies with stroke models 
are not generally performed beyond those involving ro- 
dents. Most often, rather than a prelude for testing in hu- 
mans, the primate is used for discovery research and target 
setting. 



Characteristics of Primate Species in 
Model Systems 

Models of focal cerebral ischemia in the primate have used 
single arterial occlusion (e.g., middle cerebral artery 
[MCA 1 ] occlusion) or occlusion of multiple supply arteries 
to achieve a region of ischemic injury (Branston et al. 1974; 
del Zoppo et al. 1986a; Garcia and Kamijyo 1974; Garcia et 
al. 1971; Spetzler et al. 1980). The relative reproducibility 
of stroke-related findings and the similar variability in in- 
jury volume make the nonhuman primate a clinically rel- 
evant platform for the study of acute focal carotid territory 
(proximal MCA) ischemia/infarction with direct applicabil- 
ity to human focal cerebrovascular ischemia. 

The most humane and serviceable awake model is that 
of the Papio species, with the transorbital surgical approach 
to the MCA (Branston et al. 1974; del Zoppo et al. 1986a; 
Garcia and Kamijyo 1974; Spetzler et al. 1980). Properly 
performed, this approach allows rapid recovery of trie sub- 
ject with full function (del Zoppo et ill 1986a). The current 
method is a refinement of the approach devised by Symon 
and colleagues nearly 30 yr ago (Branston et al. 1974, 1976, 
1977; Garcia and Kamijyo 1974). Others have used the 
model and approach to examine responses of the striatum 
and cortex to proximal segment (Ml 1 ) MCA occlusion 
(MCAO 1 ) (del Zoppo et al. 1986a). Approximately 40 to 
60% of subjects display both cortical and subcortical injury, 
and the remainder experience only striatal injury (Spetzler 
et al. 1980). Alternative model systems to the reversible 
MCAO preparation in the awake animal involve reversible 
ligation of the MCA (Crowell et al. 1981; del Zoppo et al. 
1986a; Spetzler and Selman 1979). 

One major advantage of the transorbital approach to the 
proximal MCA is that it is more humane than a craniotomy 
for survival procedures because it leaves the subject without 
a cranial defect and the related potential disabilities. Fur- 
thermore, it does not disturb brain tissue, alter vascular 
structures, or require intensive care after recovery to restrain 
the subject. Recovery from the surgical procedure is typi- 
cally rapid. This approach has been applied to cats in addi- 
tion to larger primates, in which the arterial anatomy is 
appropriate (i.e., like humans) (Sundr and Waltz 1966). Al- 
though early work using this approach in the nonhuman 
primate resulted in substantial mortality due to permanent 
occlusion of the proximal MCA (Hudgins and Garcia 1970), 
the survivability is 100% in the present model by reperfu- 
sion of the blood flow through the MCA (del Zoppo et al. 
1986a; Spetzler and Selman 1979). \ 



The nonhuman primate has been used for vascular stud- 
ies because the hemostatic components, including platelets, 
plasma coagulation and fibrinolytic and inhibitor proteins, 
and polymorphonuclear (PMN 1 ) leukocytes are more simi- 
lar to humans in ultrastructure, antigenicity, function (kinet- 
ics), and concentration than in rodents (Hanson and Harker 
1987). Advantages of this species and models also include 
the following: 

1. The cerebral vascular anatomy is analogous to the hu- 
man but differs from other lower species (e.g., the basal 
ganglia is unlike that of the rat) (Edvinsson et al. 1993). 

2. Primates are gyrencephalic and have substantial sub- 
cortical white matter, unlike rodents. 

3. Primate MCA stroke models provide a reproducible 
and defined predictable nonfatal cerebral infarction in 
a single vascular territory of the MCA branches (len- 
ticulostriatal arteries [LSAs 1 ]). 

4. MCA flow obstruction is nonthrombotic with arterial 
compression models. 

5. MCA flow obstruction is elective, allowing convenient 
study of clinically relevant outcomes distant from the 
surgical implantation procedure, thereby avoiding the 
confounding variables of surgery and anesthesia on 
cellular function (Ember et al. 1994). 

6. Elective MCA reperfusion allows access of blood 
components to the ipsilateral LSA and the study of the 
effects of reperfusion injury (del Zoppo et al. 1990). 

7. The awake model is "closed," thereby maintaining the 
intracranial pressure of the intact cranium and the nor- 
mal (37-3 8°C) temperature of the central nervous sys- 
tem, conditions not always met in "open" models. 

8. The pathological changes following sustained MCA 
occlusion are typical of complete cerebral infarction 
(Garcia and Conger 1987; Tagaya et al. 1997). 

9. A highly relevant new aspect of focal cerebral ische- 
mia modeling is the significantly greater rapidity of neu- 
ron injury in the primate basal ganglia compared with the 
rat caudate-putamen (Tagaya et al. 1997) and relevant 
differences in microvascular anatomy in those regions 
(Edvinsson et al. 1993; Paxinos and Watson 1986). 

10. Models of this (and similar) species have been the 
subject of rCBF/neuropathology correlations (Jones et 
al. 1981; Yonas et al. 1990), and selected local cerebral 
blood flow studies with the nontoxic, noninvasive 
nuclear magnetic resonance imaging (MRI 1 ) of 14 F- 
trifluoromethane (unpublished data; Branch et al. 

" fc 1991), which confirm the relation between low rCBF 
and infarction. 

11. Its size makes Papio species suitable for serial clinical 
(e.g., objective neurological assessment, computerized 
tomography [CT l ] cerebral scan, MRI scan, carotid 
angiography, neuroelectrophysiological measure- 
ments, and neuropathology) and laboratory investiga- 
tions. This attribute is important in designing clinically 
relevant experiments. 
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A singular advantage of the nonhuman primate is the 
opportunity to apply agents under development for use in 
humans directly, before their extension to the clinical arena. 
This is a particular advance for substances that can alter 
hemostatic/vascular dynamics. Distinct (often paradoxical) 
differences between the hemostatic and vascular mecha- 
nisms in rodents/rabbits and their responses to antithrom- 
botic and fibrinolytic agents in comparison with those of 
humans are well known and limit the use of specific inter- 
ventions in those species. For instance, rodent platelets lack 
platelet activating factor (PAF 1 ) receptors and behave para- 
doxically to aspirin (ASA) (Shinozaki et al. 1992). Whereas 
polymorphonuclear (PMN 1 ) leukocyte platelet aggregates 
occur in the ischemic zone during MCAO in the primate and 
have been demonstrated in humans (Grau et al. 1994), they 
have not been shown to occur in rats (Garcia et al. 1994). 
For PMN leukocyte adhesion, integrin ct 4 Bi is exposed on 
rat leukocytes but not on the human cells (Davenpeck et al. 
1998). Immunoprobes raised in rodents against human pro- 
teins/epitopes for research/therapeutic purposes generally 
cross-react with baboon epitopes but not other lower mam- 
mals, a distinction of particular relevance. 

Disadvantages of the nonhuman primate model are rela- 
tive and include the following: 

1. Development and maintenance of the model requires a 
facility specifically staffed and equipped to care for 
nonhuman primates. 

2. Appropriate high-quality surgical and imaging facilities 
for preparation of the model(s) and for quantitation of 
outcomes are required. 

3. The dedication of professional individuals with appro- 
priate surgical, scientific, and organizational skills to 
perform high quality investigations is necessary. Appro- 
priate certification and support by federal and scientific 
organizations to verify these attributes validate the pro- 
cedural and experimental aspects of this model. 

4. The significant expense, relative to smaller nombrimate 
species, is the principal disadvantage of this species. A 
recent limitation of the availability of primates stems 
from market restrictions on transport of feral animals 
into this country. However, this aspect should not be a 
deterrent in the face of the unique advantages of high- 
quality scientific and medical investigations. Indeed, the 
current experiment configurations provide significant 
quantities of high-quality tissue preparations that are 
suitable for multiple studies. In this way, the impact of 
expense is greatly reduced. 

Despite the differences in expense and the cohori sizes 
achievable between small animal models and nonhuman 
primate models, current clinical experience has shown the 
need for investigations of vascular therapies to proceed 
through appropriate primate models before their use in pa- 
tients. This reason, the current availability of agents and 
molecular probes that are relevant to human vascular struc- 
ture, and the development of a well 'characterized and rel- 



evant primate model of focal ischemia/reperfusion support 
the research use of the primate. 

Formulation of the Primate Models 

Species 

For the nonhuman primate stroke model, squirrel monkeys, 
macaques, and baboons have been used in various design 
formats. Among these primates, the Papio species is the 
largest and has proven the most accessible for exploratory 
and interventional studies. Currently, there is little differ- 
ence among the three types in terms of cost. 

Cerebrovascular Anatomy 

Primates have a complete Circle of Willis. Moreover, dis- 
tribution of the MCA and its branches in primates is iden- 
tical or similar to that in humans. Baboons may have a 
singular anterior cerebral artery (ACA 1 ), and LSA branches 
can arise from the internal carotid artery (ICA 1 ), although 
this situation is unusual. It should be noted that variability in 
local vascular anatomy can occur. In baboons, like humans, > : 
there is rich collateral circulation in the brain, and Ml oc- 
clusion in baboons results mainly in basal ganglia and white : 
matter ischemia. Cortical ischemia is variable. This situa- 
tion mimics human Ml MCA ischemia and is quite distinct 
from the injury caused by MCA occlusion in rodents, which* 
lack similar collateral protection. 

Location of Arterial Occlusion 

Most of the surgically prepared primate stroke models in- - 
volve occlusion of the Ml segment of the MCA, which > 
mimics ischemic injury in approximately 10% of human 
stroke. Several investigators, however, have developed 
stroke models using occlusion in the ACA territory or that 
producing thalamic infarction (Hudgins and Garcia 1970; 
Vajda et al. 1985). 

Surgical Approaches 

There are four major surgical approaches to the branches of 
the Circle of Willis, which primarily involve the occlusion 
of the MCA or ICA to produce focal symptoms: (1) the 
intracranial approach along the sphenoidal wing, (2) the 
retro-orbital approach, (3) the transorbital approach, and (4) 
complex interventional approaches (see Characteristics of 
Primate Species in Model Systems, Transorbital Surgical 
Approach below, and Table 1). The intracranial approach is 
similar to the trans-Sylvian approach used in clinical neu- 
rosurgery (Symon 1975; Young et al. 1997). In the retro- 
orbital approach, the sphenoidal wing is removed and the 
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" Table 1 Nonhuman primate stroke models 

Sources 3 Species 6 Location 6 Approach 6 T/P* Aw/An 6 Purpose 6 
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a See text/ 

^An, anesthetized; Aw, awake; CBF, cerebral blood flow; IC, intracranial; ICA, internal carotid artery; IV, intravenous; M1, primary motor cortex; 
P, permanent; RO, retro-orbital; RTN, retrograde transvenous neuroperfusion; T, temporal; TO, transorbital; t-PA, tissue plasminogen activator. 



orbit and . intracranial cavity are opened without opening 
the dura. The transorbital approach is considered separately 
(see Transorbital Surgical Approach). In the interventional 
approach, emboli (e.g., silicone cylinders) are injected from 
the extracranial carotid artery bifurcation to occlude the 
intracranial ICA bifurcation (Molinari et al. 1974; Watan- 
abe et al. 1977). Because this technique requires neck sur- 
gery without craniotomy, it can be performed with local 
anesthesia and it leads to vessel occlusion in an awake 
state. 



Techniques 

There are several techniques to occlude cerebral arteries: 
clipping, occlusion by an extrinsic balloon device or snare 
ligature, electrocoagulation or photocoagulation, and embo- 
lization with an interventional approach. Electrocoagulation 
and embolization cause permanent occlusion of the vessel, 
although it is often unclear whether intravascular occlusion 



by the coagulation method is complete. This matter can be 
evaluated by direct observation if a transorbital window is 
used. In contrast, the use of clip or extrinsic balloon occlu- 
sion enables reperfusion of blood flow by temporary vessel 
occlusion. 

The most important difference between clipping and 
balloon occlusion is whether the vessel is occluded in an 
anesthetized or awake condition. The major advantage of 
the awake condition is that the examiner can observe how 
the vessel occlusion affects the neurological condition of the 
animal. Within 5 min after vessel occlusion, the animal 
usually presents contralateral hemiparesis, hemianopsia, 
and hemifacial paresis. The awake condition enables tem- 
porary occlusion without any side effects due to anesthesia, 
and it is similar to the clinical situation in human ischemic 
stroke. For example, ischemic stroke usually induces an 
increase in mean arterial blood pressure (MAP 1 ) in com- 
pensation for vessel occlusion, whereas the MAP of the 
anesthetized animal is maintained constant before and after 
vessel occlusion. In the awake condition, MAP is not gen- 
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erally monitored, but it has been, shown not to deviate from 
normal (data not shown). 

Infarction volume following Ml MCA occlusion is 
smaller in the anesthetized preparation than during awake 
experiments (del Zoppo et al. 1986a; Molinari et al. 1974). 
This difference may occur partly because inhaled anesthet- 
ics, such as halothane, cause transient depression of leuko- 
cyte chemotaxis (Ember, et al 1994, Moudgil et al. 1981, 
1984). This depression may contribute to reduction of neu- 
trophil migration into the brain tissue, leading to smaller 
infarction volumes. Well-controlled MAP and supply of 0 2 , 
and neuronal "inactivation" by anesthetics such as barbitu- 
rates, may also contribute to smaller infarct volumes. In 
contrast, clipping is technically easier than placement of an 
extrinsic balloon occlusion device. In the anesthetized con- 
dition, physiological conditions can be standardized among 
animals, which may be convenient for evaluation of the 
effect of a test agent on infarction volume. The results 
would not be expected to be the same as the awake condi- 
tion if the agent affects physiological conditions. 

Transorbital Surgical Approach 

The transorbital surgical approach is a technically demand- 
ing procedure and requires the skills of the clinical neuro- 
surgeon. The surgical procedure is performed under 
inhalational anesthesia and involves the use of isoflurane 
anesthesia (5% induction, 1.5-2.5% maintenance), with 0 2 
supplementation (1.5 L/min). Anatomically, the ICA bifur- 
cation lies directly posterior to the orbit. To gain access to 
these vascular structures, enucleation is followed by tran- 
section of the optic nerve and ophthalmic artery. Bleeding is 
stopped with electrocoagulation. Angiography has demon- 
strated that the MCA and ICA remain patent after these 
procedures. A small craniotomy (-1 cm diameter) Is made 
by removal of the medial sphenoid Wing and portions of the 
adjacent middle fossa with a high-speed pneumatic drill. 
Under microscopic view (300-mm objective lens), the optic 
strut is also removed to open the optic foramen. The dura is 
then opened, and the Sylvian fissure is opened with an 
arachnoid knife and microscissors to identify the top of the 
ICA, the ACA, and the MCA. 

Microsurgical technique enables exposure of the MCA 
from the surrounding arachnoid membranes (Figure 1). 
When dissection of the MCA and the LSA bundles is com- 
plete, the extrinsic balloon occlusion device is placed 
around the MCA proximal to the take-off of the LSA and 
fixed with 4-0 silk (Spetzler and Selman 1979). After cov- 
ering the craniotomy with Gelfoam (Pharmacia-Upjohn, 
Kalamazoo, MI), the enucleated orbit is filled with radio- 
lucent methylmethacrylate (impregnated with antibiotics). 
The proximal terminus of the connector tube is placed sub- 
cutaneously under the scalp in a tunnel prepared for this 
purpose, and the orbital site is surgically closed. 

Postoperative recovery typically occurs within 1 to 2 hr 
without any neurological deficit. The animals are fully ac- 



Figure 1 Placement of the balloon occluder on the middle cere- 
bral artery (MCA). The balloon occluder is placed around the 
middle artery proximal to lenticulostriate arteries with 4-0 silk. 
The proximal terminus of connecting tube is placed subcutane- 
ously under the scalp. ACA, anterior cerebral artery; ICA, internal 
carotid artery; LSAs, lenticulostriate arteries. 



tive within 4 to 6 hr. Neurological function is monitored for 
an additional 2 days before any experimental procedure. 
The surgical preparation of this primate model offers sev- 
eral logistical advantages over other models (Symon 1975): 
The transorbital approach is superior to techniques requiring 
a lateral craniotomy for exposure of the MCA in that the' 
latter leaves a significant residual dural defect, is a more 
prolonged procedure with increased attendant morbidity and 
mortality, and does not allow sufficiently proximal place- 
ment of the occlusion device. Furthermore, the device is 
self-contained, unexposed, and requires no maintenance af- 
ter placement. In addition, the animals are not constrained 
by the presence of the device after initial convalescence. 
Finally, vascular structures are not disrupted or perturbed 
by this approach, in contrast to the lateral craniotomy 
approach. 

Limitations associated with this surgical approach in 
elude the requirement of an experienced neurosurgical team 
to carry out the transorbital approach and placement of the 
device, and the exposure of the animal to a somewhat pro- 
longed (1- to 2-hr) anesthetic risk. This model, however, 
allows controlled evaluation of the effects of potentially 
ischemia-sparing agents in acute stroke with clinically rel- 
evant techniques. 



Outcomes 

To evaluate pharmacological interventions and understand 
biological responses, it is essential to study a number of 
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" clinically and experimentally accessible outcomes. The text 
below briefly describes neurological outcome, neuron in- 
jury, evidence of cell injury, infarction volume, imaging in 
real-time, vascular consequences, rCBF, microvascular 
events, neuron and vascular events, behavioral outcomes, in 
relation to human ischemic stroke. 



Neurological Outcome 

The nonhuman primate enables clinical evaluation of neu- 
rological deficits generated by single arterial occlusion 
(Spetzler and Selman 1979; Spetzler et al. 1980). In the 
awake nonhuman primate, neurological deficits of variable 
severity (including contralateral central hemifacial hemipa- 
resis) and visual field cuts can be detected within minutes of 
proximal MCAO; striatal injury can be documented as early 
as 1 hr after onset of ischemia (del Zoppo et al. 1986a). 
Neurological assessment scales are simple, motor weighted, 
and generally reproducible (del Zoppo et al. 1986a; Spetzler 
and Selman 1979; Spetzler et al. 1980). The scales reflect 
deficits exhibited by ischemic injury to identical arterial 
territories in human patients. Reports of pharmacological 
interventional studies using such scales are few (Aburniya et 
al. 2000; Mori et al. 1992, 1995; Thomas et al. 1993) but 
provide an indication of the variability in outcomes that 
mimic those of human ischemic stroke (Mori et al. 1 995). 
Although not validated, much like stroke scales used to 
assess stroke type and severity, these scoring instruments 
are descriptive and merely semiquantitative. 



Neuron Injury 

In unanesthetized nonhuman primate preparations, neuro- 
logical deficits develop rapidly, in a manner identical to 
human stroke (del Zoppo et al. 1986a; Spetzler et al. 1980). 
Transient MCA occlusion can produce residual injury, 
which is time dependent and permanent (Tagaya et al. 1997, 
2001). Tagaya and colleagues demonstrated that more than 
80% of neurons in the ischemic striatum developed evi- 
dence of DNA scission within 2 hr of MCAO, significantly 
more rapidly than in a typical anesthetized rodent stroke 
model preparation (Tagaya et al. 1997). Garcia and col- 
leagues showed rapid alterations in neuron ultras tructure 
following MCAO in the primate (Garcia and Kamijyo 1974; 
Garcia et al. 1971, 1977, 1983a,b). 



Evidence of Cell Injury 

Selective neuronal vulnerability occurs in global cerebral 
ischemia (Ginsberg and Busto 1989; Pulsinelli 1985; 
Pulsinelli and Duffy 1983; Pulsinelli et al. 1982) and is also 
evident following MCAO in the nonhuman primate (Tagaya 
et al. 1997) and the rodent (Garcia et al. 1993, 1995a). 
Ultrastructural alterations occur simultaneously in astro- 



cytes, oligodendrocytes, and microvascular cells (Garcia 
and Kamijyo 1974; Garcia et al. 1977, 1983b). Secondary 
injury is generated by cellular inflammation, which involves 
adhesion and transmigration of PMN leukocytes and other 
leukocytes (del Zoppo et al. 1991; Garcia et al. 1995a; von 
Andrian et al. 1991). These developments require immedi- 
ate responses of the microvasculature to MCAO (see be- 
low). The cellular changes noted here contribute to the 
developing territorial infarction. 

Infarction Volume 

Infarction is evident by conventional neuropathology within 
24 hr of arterial occlusion in the nonhuman primate (del 
Zoppo et al. 1986a). MCAO generates infarction with cystic 
cavity formation involving the striatum, subcortical white 
matter, and cortex to a variable extent. To generate a larger 
infarction volume, Huang and colleagues used a multiple 
clipping technique of the ICA and both Al AC As to attenu- 
ate the collateral circulation from the ACA to the MCA 
territory. Although the method provided larger areas of in- 
farction, which routinely included the cortex, they observed 
greater interanimal variability in infarction volume (Huang 
et al. 2000). The occlusion period was limited to 1 hr, be-' 
cause extended ischemia by multiple clipping is quite : 
severe. Similarly, MCAO beyond 3 hr in the awake prepa- 
ration is associated with increased hemispheric swelling and< 
significant early mortality (del Zoppo et al. 1986a). 

Imaging in Real-Time 

Radiographic techniques have been used to assess injury 
development in focal cerebral ischemia (von Kummer and 
Weber 1997; von Kummer et al. 1995). CT scan and MRI 
offer increasingly sensitive modalities for injury volume 
determinations. In one experimental study, detection of 
hemorrhage was assessed by CT scan following use of re- 
combinant tissue plasminogen activator in a clinically rel- 
evant setting (del Zoppo et al. 1988a, 1990, 1992a; Mori et 
al. 1988). Conventional angiography has been used to con- 
firm recanalization of the MCA in selected studies (del 
Zoppo et al. 1986b; Michenfelder and Milde 1975). Al- 
though imaging is feasible, each approach requires admin- 
istration of anesthesia, which can interfere with injury 
development (Kawaguchi et al. 2000). 

Vascular Consequences 

Vasospasm can induce ischemia in distal areas. A concern is 
whether surgery for balloon device placement or clipping of 
the MCA might impair the vessel and perivascular compo- 
nents either permanently or temporarily. Microscopic sur- 
gical technique can cause temporary vasospasm of the 
MCA. However, careful operative technique prevents se- 
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vere spasm. Treatment with papaverine serves to reduce 
vasospasm. According to Dodson and coworkers, surgical 
clipping can cause damage to vascular smooth muscle cells 
and the perivascular nerve supply (Dodson et al. 1974). 
However, because appropriate neurosurgical treatment with 
temporary clipping of major cerebral arteries usually does 
not cause any neurological deficit or brain injury detectable 
by MRI or CT scan, careful surgery can avoid such effects 
on the brain in the animals. 

Regional Cerebral Blood Flow (rCBF) 

Symon and colleagues demonstrated that rCBF is signifi- 
cantly reduced in the striatum of the nonhuman primate 
immediately following MCAO (Branston et al. 1974; 1976, 
1984). Those observations contributed two important ele- 
ments to the understanding of focal ischemia: (1) rCBF 
does not cease following MCAO, and (2) rCBF increases 
with distance from the core of injury (Branston et al. 1974). 
The latter finding has been taken as support for the exis- 
tence of an "ischemic penumbra" of potentially recoverable 
tissue surrounding the ischemic core (Astrup et al. 1981). 
rCBF measurements have been made with a number of tech- 
niques (Okada et al. 1994; Rosenblum and Wormley 1995). 
Real-time rCBF measurements are not possible in awake 
preparations. 

Microvascular Events 

Nonhuman primate preparations have been central, to the 
evaluation of important changes in microvessel biology 
heretofore not appreciated. MCAO initiates activaiion of 
microvessel components and sequential expression of cel- 
lular adhesion receptors on microvascular endothelium 
(Connolly et al. 1996). Structural and matrix-related alter- 
ations occur also in microvessels within the ischemic core 
immediately following MCAO in the awake preparation 
(Hamanri et al. 1995). Leukocyte adhesion has been asso- 
ciated with focal "no-reflow" (Mori et al. 1992). In addition, 
thrombotic occlusion of the ischemic microvasculature oc- 
curs (del Zoppo et al. 1998). 

Neuron and Vascular Events 

Investigations of neuron injury mechanisms and microves- 
sel responses to focal cerebral ischemia have proceeded 
separately until recently. The nonhuman primate provides 
sufficient, tissue (due to the larger size of cognate human 
structures in the brain) to examine the interaction of mi- 
crovessels with their dependent neurons (the "neurovascular 
unit"). 

Behavioral Outcomes 

Although amenable to the evaluation of cognitive and be- 
havioral alterations initiated by focal cerebral ischemia, 



little formal study of these attributes has proceeded in the 
primate. Cooperation by the subject is required for iterative 
assessments, which is much easier to obtain in the human 
patient. Impairment of cognition by the ischemic injury may 
confound even simple assessments of motor dysfunction. 
Therefore, such outcome evaluations are motor weighted 
and quite simplistic (del Zoppo et al. 1986a; Spetzler et al. 
1980). An elegant contrast is the work of Nudo and col- 
leagues, who have examined the effects of cortical reorga- 
nization following directed injury to defined cortical 
subregions on behavior (Kleim et al. 1998; Nudo and 
Mlliken 1996). 



Relation to Human Ischemic Stroke 

In humans, there are three major kinds of ischemic stroke: 
cerebral atherothromboembolism, in situ thrombosis, and 
lacunar stroke. Among them, cerebral embolism occurs if 
thrombi originating from the heart or carotid artery athero- 
mata occlude cerebral arteries (usually the ICA or MCA 
[especially the Ml portion]) and cause infarction in the 
MCA territories. Therefore, several nonhuman primate 
stroke models make possible the study of cerebral ischemia 
in conditions very similar to human cerebral embolism 
without the impact of thrombus on the ischemic territory. 



Conclusions 

Nonhuman primate stroke models have a number of advan- 
tages because their vascular and brain structures are identi- 
cal to or closely resemble cognate human structures in their 
anatomy, morphology, cellular physiology, and biochemis-. 
try. The species and models are uniquely useful in research 
on the cerebrovascular pathophysiology of focal ischemia, 
which resembles human ischemia. Furthermore, the effects' 
on cerebral ischemia of specific treatments with pharmaco- 
logical agents and early reperfusion, as well as other un- 
tested strategies including hypothermia, suggest application 
to patients in comparable settings. 
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ities (as cream from 
tal appliance for se 
to their surfaces 
se.pia \'se-pe-3\ n 1 cap : a genus (the type of the family 
Sepiidae) of oval-bodied cephalopods that comprise the 
cuttlefishes and have a saclike organ containing a dark flu- 
id and an internal shell mostly of calcium carbonate which 
has been used as an antacid and in tooth and polishing 
powders 2 : the inky secretion of a cuttlefish or a brown 
Pigment from it 

(|| 1 sep.sis \'sep-s3s\ /r, pi sep.ses \«sep-,sez\ : a toxic condition 

resulting from the spread of bacteria or their products from 
a focus of infection; esp : septicemia 
septa pi of septum 

sep-tal \»sep-t»l\ adj : of or relating to a septum defects) 
septa cartilage n : the cartilage of the nasal septum 
septal cell n : a small macrophage characteristic of the lung 
septa pellucida pi of septum pellucidum 
sep.tate \»sep-.tat\ adj : divided by or having a septum 
,, , sep.ta.tion\sep-'ta-sh3n\/i 1 : division into parts by a sep- 

tum : the condition of being septate 2 : septum 
- ( septa transversa pi of septum transversum 

5 f. sep.teeto.my \sep--tek-td-me\ n, pi -mies ; surgical excision 

! of a septum 

.jf ill ; septi — see depressor septi 

sep.tic \'sep-tik> ,adj 1 : putrefactive 2 : relating to, in- 
volving, caused by, or affected with sepsis <<- complica- 
tions) (~ arthritis) (~~ patients) 
septic abortion n : abortion caused by or associated with 
infection by a bacterium esp. of the genus Clostridium (C 
perfrmgens) or rarely by one of the genus Mycoplasma (Af. 
hominis) 

sep.ti.ce.mia or chiefly Brit sep.ti.cae.mia \,sep-u>-'se- 
i jj l: | H | i me ? X n = invasion of the bloodstream by virulent microor- 

ganisms from a focus of infection that is accompanied by 
chills fever and prostration and often by the formation of 
secondary abscesses in various organs — called also blood 
potsonmg; see pyemia — sep-ti-ccmic or chiefly Brit sep- 
ti-cae-mic V"se-mik\ adj 
sep.ti.co.py.emia or Brit s«p.ti.c«.py.ae.mia \isep-ti-(,)kd- 
Pi- e-me-3\ n : pyemia — sep.ti.co.py.emic or Brit sep-ti- 
co-py.ae.mic \-*e-mik\ adj 
septic shock n : shock produced by usu. gram-negative bac- 
i ) ' I it ' tena that is characterized by hypoperfusion, hyperpyrexia 

rigors, impaired cerebral function, and often by decreased 
cardiac output 
septic sore throat n : strep throat 
sep.to.mar.gin.aJ \.sep-t6-'marj-on-*l, -'marj-nalX adj : of 

or relating to the margin of a septum 
sep.to.na.sal \-'na-zaI\ adj : of, relating to, or situated in the 
region of the nasaJ septum 
1 1 ; j j ;f)l sep.to.plas.ty \'sep-t3-,plas-te\ n, pi -ties : surgical repair of 

I !} | the nasal septum 

, » j '! S€p ; tos.to.my \sep-«tas-ta-me\ n, pi -mies : the surgical cre- 

:' -I L atl0n of an opening through the interatrial septum 

( j. ! f sep-tum \»sep-tam\/i, p/sep.ta Vto\ : a dividing wall or mem- 

,!;•; braneesp. between bodily spaces or masses of soft tissue* 

I * aX as a : nasal septum b : crural septum 

ffPT f septum peMu.ci.dura Vpa-'lu-sa-dsmN n, pi septa peMu- 

ci.da Vda\ : the thin double partition extending vertically 
from the lower surface of the corpus callosum to the fornix 
and neighboring parts, separating the lateral ventricles of 
the brain, and enclosing the fifth ventricle 
septum trans.ver.sum Vtranz-'var-samX n, pi septa trans- 
ver-sa \-ss\ : the diaphragm or the embryonic structure 
trom which it in part develops 
sep.tup.Iet \sep--t3p-bt, ->t(y)up-bt also 'sep-tapA n 1 
: one of seven offspring born at one birth 2 septuplets pi 
: a group of seven such offspring 
sequel \«se-kw3l also -.kwel\ n : sequela (gangrene is 
a ~ of wounds —Robert Chawner) 
sequela \si-'kwe-l 3 \ „, pi se-quel-ae \-(,)le\ : an aftereffect 
of disease injury, procedure, or treatment (prevention of 
the post-phlebitic sequelae -A. G. Sharf) (acneform erup- 



tions . . . and impaired wmm^ u .. 
quently recognized seZlaeo % bnt 
lieb & N. S. Penneysj , ° f ,h,s ^¥*r ? *' 1 
se-quence \'se-kw 3n <t)s. -,kwen(tKv 
connected series (as of amino S" - — 
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sequencer \'se-kw 3n - S3r . -.kwenr., \ 
quences: esp : a device for deSl- ""l" - . 
rence of amino acids in a p^™' ****** 
se.quen.Ual Xsi-'kwen-chsK a<U , . 
of disease or injury 2 : of, relatingTSS" 4 *^ 
.n a sequence <~ contraceptive p7h) fonaa *»3i 
Wntoal „ : an oral contraceptive .which 
during approximately the f,rst three wr e ks^?"* 
£ f d tho ^ taken during the res. of uSS*' 
both estrogen and progestogen "* 
se.ques.ter \si-'kwes-t 3r \ w : to hold (as a m«, 
solution eip for the purpose of supprS 
chemical or biological activity " pres smg 
sequester n : sequestrum 

^□^■^Hnn?"'!" : 3 Seques,eri n8 agent (a, caries 
se*ques*tra.tion Xisek-wgs-'tra-shan isek «i i^T** 
: the formation of a sequestrum 2 :*the pn^flJr*** 1 
tenng or result of being sequestered procesS(tf w» 

se.ques.trec.to.my\,se-.kwe-'strek-t»-me\/i ni-*- . 
surgical removal of a sequestrum "™ : • 

S€.ques.trum i \si-»kwes-trem\ n, pi .trums also ^nVt^.. 

ser.e.noa \,ser-s-'no-3. si-»re-no-»\ n : sabal 
se.n.aJ.o.graph \.sir-e-«al- 3 -.graf \ or se-rio-graph Vrir^ 
n : a device for making a number of radiographs isn» 
id sequence »«vwmi+. 

se.ri.al.og.ra.phy \isir-e-3-»Iag-r3-fe\ n. pi .phies : sedal 

RADIOGRAPHY 

se.ri.al radiography \'sir-e-9l-\ n : the technique of not* 
radiographs in rapid sequence for the study of b& 
speed phenomena (as the flow of blood through an artay) 
serial section n : any of a series of sections cut in sequent 
by a microtome from a prepared specimen (as of tissue) - 
serially sectioned adj — serial sectioning n 
series \'si(a)r-(i)ez\ n , pi series 1 : a number of things or 
events of the same class coming one after another to sjaial 
or temporal succession (described a new ^ of cases) 2u 
group of specimens or types progressively differing fan 
each other in some morphological or physiological attri- 
bute (a ~~ of antitoxins) 3 : a group of chemical com- 
pounds related in composition and structure 
ser.ine \'se(3)r-ien\ n : a nonessential amino acid C3H7NO1 
that occurs esp. as a structural part of many proteins aad 
phosphatidylethanolamines and is a precursor of given* 
seriograph var g>/serialograph 
se.ri.ous \'sir-e-as\ adj 1 having important or dangerous pos- 
sible consequences (a ^ injury) 
se-ro.con.ver.sion Xisir-d-ksn-'var-zhsn. iser-d-\ n : 4f 
production of antibodies in response to an antigen — 9- 
ro.con.vert V'vartX W 
se.ro.di.ag.no.sis X^ir-o-tdi-ig-'no-sasN n, pi -no'sa'*** 
: diagnosis by the use of serum (as in the Wassermann test) 
— se.ro.di.ag.nos.tic \-»nas-tik\ adj 
se.ro.ep.i.de.mi.o.log.ic Viep-s-ide-me-a-'laj-ikX or if 
ro.ep.i.de.mi.o.log*i.caI \-i-kal\ adj : of, relating to. or Ic- 
ing epidemiological investigations involving the identifica- 
tion of antibodies to specific antigens in populations of in- 
dividuals — se.ro.ep.i.de.mi.ol.o.gy Vme-'al-weN «• * 



se.ro.fi.brin.ous V'fi-brin-asN adj : composed of or charac- 
terized by serum and fibrin (a ^ exudate) (~ pleurisw 
se*ro.group \'sir-6-igrup\ n : a group of serotypes havnH 
one or more antigens in common 
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